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We have been engaged in the study of Baa. lepisepticum  infection 
in rabbits with the purpose of finding out the mechanism  which governs 
its natural prevalence.  Thus far we have determined three factors 
which play essential parts:  (1)  host susceptibility; (2)  microbic dis- 
tributlon; and (3) microbic virulence.  The first two of these have been 
discussed in previous papers (1); in this and the following report we 
shall present the results of our investigations of the infecting agent, 
Bact. lepisepticum. 
Occurrence. 
During the past 4 years we have obtained, from rabbits at the Rocke- 
feller Institute animal house, two distinct types of Bact. lepisepticum-- 
so called "D" forms and mucoid forms.  De Kruif had previously, in 
1920 to  1922, obtained strains of typical rabbit  septicemia bacteria 
from the Rockefeller Institute stock which he observed to dissociate 
in vitro from the original so called "D"  type to a  "G"  type (2); and 
he later recovered these "G" variants directly from the nasal passages 
of clinically normal rabbits (3).  In 1922 and 1923, we isolated similar 
"D"  and "G" strains from the nasal passages of apparently healthy 
rabbits,  and  from  rabbits  suffering  from  spontaneous  pneumonia, 
snuffles, and otitis media; but since that time, only mucoid strains and 
their variants have been recovered.  A large percentage of the Rocke- 
feller Institute  rabbits  has  continued to  harbor  Bact.  lepisepticum, 
but  always in  the  mucoid form.  Several hundred  cultures,  taken 
from rabbits at a farm in New City, N. Y., over a period of 12 months, 
were mucoid; and Bact. lepisepticum  of the mucoid type proved to be 
343 344  BIOLOGY  0]~ BACTENIIY~  LEPISEPTICIY~.  III 
the incitant of an epidemic of snuffles and pneumonia in a rabbit stock 
at Ray Brook, N.  y.1  We conclude,  therefore,  that  mucoid strains 
of Bact. lepisepticum have supplanted  the '"D" strains in  the rabbits 
at the Rockefeller Institute,  and are, at present,  the prevailing type 
in at least two other rabbit communities. 
Morphology and Staining  Characteristics; Colony Formation; Metabolic 
A ctivities. 
All types of Bact. lepisepticum have  the  general  characteristics  of 
the Pasteurella  group.  They are small,  blunt,  Gram-negative,  non- 
motile  rods,  with  deep  staining  polar  bodies.  Varying  amounts  of 
acid, without gas, are formed within 24 to 48 hours by cultures in pep- 
tone broth, containing 1 per cent dextrose, levulose, xylose, saccharose, 
and mannitol.  About 50 per cent of all strains ferment glycerol after 
4 to 5 days of incubation.  Maltose, lactose, salicin,  dulcitol, inulin, 
arabinose, and rhamnose are not fermented. 
Nitrates are reduced to nitrites; the indole test (Ehrllch)  is positive. 
Litmus milk is not acidified. 
"D" strains differ somewhat in morphology and staining characteris- 
tics from "G" variants and also from mucold forms and their variants. 
The  special  characteristics  of  each  type  are  found  by  examining 
fresh films of living bacteria with dark-field illumination,  or by stain- 
ing  them  with  Wright's  modification  of Romanowsky's blood stain. 
Under  these conditions,  Type "D"  ceils appear  to  consist  of a  rod- 
shaped,  refractile,  pink-staining  substance,  containing  two  dark, 
purple-staining polar bodies.  They have a slow Brownian movement. 
Type "G" variants  are much smaller:  the two polar bodies seem to 
touch  each  other,  and  the  refracfile,  plnk-staining,  "cytoplasmic" 
substance  is  scarcely  visible.  Brownian  movement  is  rapid.  The 
mucoid forms are twice as large as the "D" types.  Their polar bodies 
are widely separated by the refractile "cytoplasmic" substance which 
seems to overflow into an outer band or capsule.  ~  Brownian oscilla- 
tions are slow. 
x  This spontaneous epidemic has been studied by Dr. D. T. Smith, and will be 
described later in detail. 
This material was not stained with Hiss or Muir stains, nor did Wright's fluid 
color the "capsules" of pneumococci.  Opinions differ as to the presence or absence 
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Besides these specific differences in morphology, other variations in 
size  occur,  which  are  associated  with  the  age  of  the  culture  (5).  3 
During the period of logarithmic growth of a  broth or agar culture 
of "D," mucoid, or variant strains, individual cells appear very large. 
This is due, apparently, to an increase in amount, or swelling of the 
pink-staining,  "cytoplasmic"  substance.  The  polar  bodies  are  en- 
larged also,  and stain a  reddish purple.  Chains,  filamentous forms, 
and  other  irregularities  are  numerous.  After 24  hours  incubation, 
when the number of organisms is constant, at about 1 billion per cc., 
the  cells  become uniform and  less  than  one-half their  former size. 
And finally, after incubation at 37°C.  for more than 3 or 4 days, most 
of the bacteria are still smaller and stain pale blue. 
The  "D"  and  "G"  colonies  have  been  described  by  De  Kruif 
as  follows: The  "D"  colonies  "were  whitish,  with  rather  opaque, 
glistening centers, fading into translucent outer zones.  Their borders 
were  regular.  They  exhibited  marked  fluorescence,  both  by  day- 
light and by artificial light.  The surface colonies of Type "G" were 
somewhat  smaller,  translucent,  and  bluish  in  color,  had  irregular, 
serrated  edges  ,  and  showed  little  or  no  fluorescence"  (2,  3).  In 
addition  to  these  two  colony forms as  described,  we  found,  in  old 
broth cultures of "D" strains, a white, opaque colony, slightly fluores- 
cent.  From  this  intermediate colony, a  mixture of "D"  and  "G" 
types of bacilli was invariably obtained. 
Davis (6)  has described the colony form of hemorrhagic septicemia 
bacteria  recovered from  spontaneous  abscesses  of  rabbits  as  being 
moist, viscid, and slightly spreading.  The mucoid strains which we 
have encountered are probably similar.  The colonies are large and 
fluorescent,  with  whitish,  opaque  centers  and  translucent,  flowing 
mucoid margins.  The "G"  variants of these mucoid strains have a 
characteristic  pin-head  colony,  convex,  bluish,  with  regular edges, 
firm  in  texture,  somewhat  adherent  to  the  agar,  and difficult  to 
emulsify. 
Peroxidase is present in less amounts in the "D" and mucoid types 
than  in  the  "G"  variants  (7).  Peroxide  formation  could  not  be 
demonstrated by direct methods  (8);  there was,  however, greenish 
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discoloration beneath  the surface of blood agar tube  cultures of "D," 
mucoid,  and  "G"  types,  which,  according  to  McLeod,  is  indirect 
evidence of the presence of peroxide (9). 
TABLE  I. 
Agglutination  of " D," Intermediate,  and " G"  Cultures of Bact.  lepisepticum  in 
Lactate-Lactic Acid  Buffer  Solution. 
Rabbit  No.  and  Colony  type. 
culture  No. 
74  D 
90 
Rivers.  " 
157  " 
36  " 
24  " 
115  " 
137  " 
79  I 
88  " 
3 W  " 
203  " 
125  " 
179  " 
186  G 
201  " 
119  " 
Rivers.  " 
188  " 
135  " 
35 
I  pH range of.buffers. 
3.8 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
3,5  ;.3 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
C.  C. 
C.  t-- 
C.  C. 
C.  C. 
C. 
C. 
C. 
C.  C. 
C.  C. 
C.  C. 
+  -- 
C.  + 
3.0  2.7  2.4 
C.  --  -- 
C.  --  -- 
C.  --  -- 
C.  -  -- 
C.  --  -- 
C.  --  -- 
C.  --  -- 
C.  --  -- 
--  No agglutination. 
+  Slight agglutination. 
+  +  Good agglutination; supernatant turbid. 
C. Complete agglutination. 
Physical  Characteristics. 
Acid agglutination titrations were made on a  large number of freshly 
isolated cultures of Bact.  lepisepticum,  to compare the isoelectric points 
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De Kruif found that the acid agglutination zone of his "D" types 
was pH 3.0 to 3.5, and of "G" variants, pH 3.5 to 4.7 (10).  He noted 
also that the agglutination zone was affected by the buffer solutions 
employed. 
We employed tile standard lactate-lactic acid buffers and technique 
used by Northrop and De Kruif (11).  16 to  18  hour broth cultures 
were  washed  and  centrifugalized  four  times  with  distilled  water. 
Equal parts of cell suspension and buffer were placed in the water bath 
at 55 ° and readings were made at 6 and 18 hours. 
TABLE  II. 
Acid Agglutination of Mucoid Strains. 
Control No. 
Rivers. 
Brown's 
DC 30 
653 
544 
Colony type. 
D 
G 
I  (intermediate). 
M  (mucoid). 
C. 
C. 
-I 
pH 
4.1  3.8 
C. 
C.  C. 
C.  C.  C. 
C.  C.  C. 
c.  c.  Ic. 
-  F-~  C. 
--  C.  C. 
-  C.  C. 
-  C.  C. 
3.5  3.3  3.0 
C.  C. 
c.  ++ 
C• 
C. 
C. 
C• 
C. 
2.7 
C.  -- 
c.  ++ 
c.  c. 
C.  C. 
c.  ++ 
c.  c. 
!.4 
+ 
C.9 
-  No  agglutination. 
+  Slight  agglutination. 
+  +  Good agglutination;  supernatant  turbid• 
C.  Complete agglutination. 
Table I shows the result of one such test on twenty-one freshly iso- 
lated  "D,"  "intermediate,"  and  "G"  variant  strains.  The  eight 
"D"  strains  flocculated  completely  between  pH  3.0  and  pH  3.5; 
the "G"  strains between pH 3.5  and pH 4.7; and six cultures from 
"intermediate" colonies showed a wide range, characteristic of mixtures 
of the "D" and "G" types (12). 
The acid agglutination zone of mucoid types proved similar to that 
of the  "D"  strains.  For example,  Table  II shows  the  results of a 348  BIOLOGY OF BACTERIUM" LEPISEPTICUI~.  HI 
test in which four mucoid cultures were compared with a "D" type, 
three "G,"  and one "intermediate" strains.  The "D"  culture floc- 
culated between pH 3.0 and pH 3.8, the mucoid strains from pH 2.7 
to pH 3.8, the "intermediate" from pH 2.7 to pit 4.5, and the "G" 
from pH 3.5 to pH 4.7. 
Type differences in stability of suspension were marked.  Mucoid 
strains did not flocculate completely after 6 to 8 hours centrifugaliza- 
tion  at  high  speed.  "D"  strains,  however, came  down  in  3  to  4 
hours, and "G" strains in ½ to 1 hour. 
TABLE  III. 
Rate of Migration of Bact. lepisepticum, Types "D," "G," and Mucoid in 
Glycine-Acetate-Phosphate Buffer, pH 7.4. 
Type strain. 
Rivers "D." 
M 555 
M 518 
Rivers "D" 
M 587 
M 183 
No. of seconds to travel 83.33/*. 
SeC, 
6.3 
8.9 
6.1 
5.8 
5.7 
6.0 
5.7 
Potential  83.33 
-37 
--26.2 
--38.2 
--40.2 
-40.9 
-39.0 
-40.9 
Potential  determinations were  made  with  the  Northrop  type  of 
cataphoresis cell (13).  Cell suspensions  were washed thoroughly and 
suspended in glycocoll buffer at pH 7.4, as described by Northrop and 
De Kruif (11). 
The results of these observations are recorded in Table III.  Rates 
of migration of the "D" type and "G" variant were found to be similar 
to those reported by Northrop and De Kruif; those for the mucoid 
strains proved similar to the "D" and were considerably higher than 
the "G" variants. 
Growth Requirements and Characteristics. 
The different types of Bact.  lepisepticum  fail to grow in  buffered 
asparagine and tryptophane media at atmospheric or reduced oxygen LESLIE  T. WEBSTER  AND  CASPAR  G. BURN  349 
tension, and with or without hemoglobin, iron salts, or other oxygen- 
absorbing  substances.  But  a  1 per  cent peptone  solution,  or meat 
extract or infusion broth is adequate for abundant growth of all types, 
when inoculations of sufficient size are made.  In media  of the latter 
sort, specific differences in the manner of growth of "D," "G" variant, 
and mucoid forms are apparent.  The behavior of the "D" and "G" 
variant strains has been described before, but for the sake of compari- 
son, the main facts may be summarized again as follows: 
De Kruif noted that "D" strains, inoculated into broth or peptone 
solutions, gave rise to "G" variant forms after 48 to 72 hours incuba- 
tion  (2).  Later,  we  made  a  more  detailed  study  of  the  growth 
of  this  type  (14,  15),  and  noted  the  following  facts:  (1)  that  "D" 
strains, inoculated into aerobic meat infusion broth, pH 7.4, in quanti- 
fies less  than  100,000 per  cc.,  did not  live;  (2)  that  larger  seedings 
multiplied  after  a  period  of  lag,  until  a  maximum  number  of 
1,000,000,000 per cc. was reached;  (3)  that after 48 to 72 hours incu- 
bation,  "G"  variants  appeared  in  increasing  numbers,  until  they 
replaced entirely the original "D" forms.  Furthermore, we noted that 
(4), if the oxygen tension of the broth was lowered mechanically or by 
the  addition  of  hemoglobin  or  other  iron-containing  compounds, 
inoculations as small as two or three bacilli per cc. invariably multi- 
plied  logarithmically,  with  no  appreciable  lag  until,  after  9  to  10 
hours,  a  maximum  number  of  1,000,000,000  per  cc.  was  reached. 
Under these latter  conditions, the  appearance  of Type "G"  variants 
was  inhibited  indefinitely.  Finally,  we  noted  that  "G"  variant 
strains  grew well in  broth  at  either  atmospheric  or reduced  oxygen 
pressure. 
The mucoid strains have now been studied similarly,  with the fol- 
lowing results. 
The  first  test  was planned  to  determine  the  smallest  number  of 
mucoid organisms which would multiply in tubes containing  5 cc. of 
plain  broth, or plain broth plus hemoglobin. 
Test/.--Three mucoid cultures from a rabbit farm at New City, N. Y., and one 
from the Rockefeller Institute stock were employed. DC 30 and DH 5 were ob- 
tained from the nasal passages of animals with snuffles;  DC 12 from a lung abscess, 
and 544 from a healthy nasal carrier.  24 hour plain broth cultures were seeded in 
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ing 5 cc. of plain broth and into others containing the broth plus ½  cc. of a 1/100 
solution of hemolyzed rabbit red blood cells.  The tubes were then incubated and 
examined at frequent intervals for evidence of growth. 
The results are shown in Table IV.  All hemoglobin broth cultures 
showed maximum growth within 24 hours, indicating that an inocula- 
tion of less than ten organisms was  sufficient for multiplication.  The 
plain broth cultures of DC 30, DC 12, and DH 5, seeded with 300,000 
or more, and No.  544, with 3000 or more, showed good growth at  24 
hours.  Other  plain  broth  cultures,  with  an  original  inoculation  of 
TABLE  IV. 
Growth of Mucoid Strains in Plain Broth and Broth Plus Hemoglobin. 
Culture  Broth  medium. 
NO. 
DC 30  Plain. 
"  Hemoglobin. 
DC 12  Plain. 
"  Hemoglobin. 
DH 5  Plain. 
"  Hemoglobin. 
544  Plain. 
"  Hemoglobin. 
. 
~.~ 
360  ++ 
333~00  ++  ++ 
330  I++ 
360  + + 
360  ++ 
370  ++ 
370  + + 
Dilution. 
lO-S  10-4  10-~  10-6  10-T 
++  ++  t++  t++  +-~ 
q-+/48 hrs. 148 hrs. 148 hrs.  48 h, 
~-+f  ++  I  ++  I  ++  I  ++ 
q-+] 90 hrs. [ 90 hrs. ] 90 hrs. [  o 
~-+/  ++  /  ++  /  ++  I  ++ 
~-+[  ++  [++  190h~.] 90a, 
~-+1 ++  /  ++  /++  I+-~ 
10-8 
0 hr 
++ 
8 hr 
++ 
L 
L 
10-J 
+o÷ 
+0  ÷ 
+o  ÷ 
++ 
++  =  Maximum growth  in 24 hours. 
less than  ten  organisms, grew after a  lag of from 48  to  90 hours.  9 
days later, "G" variants were found in the plain broth cultures of DC 
12; the other cultures remained mucoid throughout the 2 weeks period 
of observation. 
This lag in the growth of mucoid strains in plain broth was investi- 
gated further by the serial counting method. 
Test 2.--A 24 hour plain broth culture of DC 30 was inoculated, in varying 
amounts, into  three  500  cc. Erlenmeyer flasks, each containing  150 cc. of plain 
broth.  Flask 1 received 1 cc. of a 1 : 100 dilution; Flask 2, 1 cc. of a 1 : 1000; and 
Flask 3, 1 cc. of a 1 : 10,000 dilution.  The number of bacilli per cc. in the flasks was LESLIE  T. WEBSTER  AND  CASPAR  G. BURN  351 
tO.O 
g.O 
8.0 
7.O 
o  ° 6.0 
3.o  k- 
P.,.~ 
2.0  ~ 
LO 
0  5 
determined at once by the plating method; the flasks were  then incubated and 
counts were made at frequent intervals. 
The growth curves are plotted in Text-fig. 1.  The original number 
of 15,000 per cc. in  Flask 1 dropped, after 7 hours,  to 1000;  rose at 24 
hours  to  300,000;  and  reached  a  maximum  of  300,000,000  per  cc, 
within  72  hours.  In  Flask  2  the  original  count  of 2460  dropped  to 
zero within  7 hours.  The next day, the count  was  still  zero,  but  on 
the 3rd day the maximum number of 350,000,000  per cc. was reached. 
The number of bacteria in  Flask 3  dropped within  7 hours from 300 
to  zero,  and  no  subsequent  growth  occurred  during  the  120  hour 
period of observation. 
GPow%h  I~ct. tepise :~icum,  Mucoid  )lain brbth  ..jr- 
/ 
/ 
lO  i5  20  24  48  72  96  lZO 
Hour'S  Hours 
•  Figs] :  1 
o  Z 
x  •  3 
TEXT-FIG. 1.  Growth of Bact. lepisepticum, mucoid type, in plain broth. 
The behavior of the mucoid strain in blood broth was then tested in 
the same manner. 
Test 3.--The same strain, DC 30, was grown for 18 hours in a tube of plain broth 
and then seeded,  in 1 cc. amounts, at dilutions of 1:100,  1:1000,  and 1:10,000, 
into three flasks of 0.04 per cent hemolyzed rabbit blood in 150 cc. of broth.  The 
flasks were incubated and the number of organisms per cc. was determined at fre- 
quent intervals by the serial counting method. 
The  growth  curves  are  shown  in  Text-fig.  2.  The  numbers  of 
bacteria inoculated  into each flask--4800 in  Flask  1;  200 in  Flask 2; 352  BIOLOGY  OF  BACTERIUM  LEPISEPTICU~.  Ill 
and 24 in Flask 3--increased immediately and at a  more or less regu- 
lar rate for 48 hours, when the maximum counts of 360, 450, and 282 
millions per cc. were obtained. 
One  further experiment was planned  to test the ability of sodium 
pentacyano-aquo-ferroate  to  act  as  a  substitute  for  hemoglobin in 
broth media (13). 
Test 4.--Two mucoid strains, DC 30 and DC 12, were grown 17 hours in plain 
broth and inoculated into 5 cc. tubes of plain broth and plain broth plus 2 per cent 
sodium pentacyano-aquo-ferroate,  in dilutions increasing exponentially from 1 to 9. 
The two series of tubes were then incubated and examined subsequently for evi- 
dence of growth. 
~0.0 
8.0 
8.0 
7.0 
6.0 
g  ~5 
L5 
fipowt~  ' B~ct. tepisepticuro; Mucoid t~/loe, k~ plain br-oth plus (104 ~  Pabbit bloocl 
! 
fJ  L  I  v  ' 
// 
•  Ft~sl  i 
o  2 
x  .  3 
35  40  4~  LO 
0  5  10  15  gO  ~5  30  ~0 
Hour~ 
T~xx-FIo. 2.  Growth of Bact. lepisepticum, mucoid type, in plain broth plus 
0.04 per cent rabbit blood. 
Table  V  shows  the  result.  The  mucoid  strains  grew as readily 
in  the  aquo  salt  broth  as  in  blood  broth,  while  in  the  plain  broth 
tubes a  characteristic lag occurred. 
These experiments have emphasized several striking characteristics 
of the  growth  of mucoid strains  of Bact.  lepisepticum.  First,  a  few 
hundred  organisms,  or  more,  inoculated  into  meat  extract  broth, 
survive and, after a lag continuing sometimes for more than 24 hours, 
multiply  at  a  relatively slow  rate,  until a  maximum number of 300 
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mucoid  strains  appear  slowly,  or  not  at  all, under  these  conditions. 
Third,  hemoglobin  or oxygen-absorbing  substances  added  to  meat 
extract  broth  supply  conditions  necessary  for immediate  multiplica- 
tion after inoculation  of less than  ten  organisms per  cc.  for 24  to 48 
hours,  until  a  maximum  number  of  300,000,000  to  400,000,000  is 
reached. 
The next experiments were carried out to determine the behavior of 
"D"  and mucoid cultures over long periods of time. 
TABLE  V. 
Growth  of Mucoid  Strains  in  Plain  Broth  and  Broth Plus Sodium  Pentacyano- 
Aquo-Ferroate. 
Culture  Medium. 
NO. 
DC 30  Plain broth. 
"  Plain broth + 
aquo salt. 
DC 12  Plain broth. 
"  Plain broth + 
aquo salt. 
10-* 
++ 
4+! 
++: 
++ 
10-  7 
++ 
++ 
++ 
+÷ 
Dilution. 
10-6 
++ 
++ 
++ 
++ 
10-6 
4 
days. 
++ 
+ 
++ 
10-4 
4 
days. 
++ 
4 
days. 
++ 
10-*  10  -~  10-I  10  --e 
++  ++  ++ 
4  4  4  4 
days.  days.  days.  days. 
++  ++  ++  ++ 
0 
0 
+7 
days. 
Test 5.--A 15 hour broth culture of the Rivers "D" strain was inoculated in ½  cc. 
amounts (about 500,000,000 bacteria) into each of eight Erlenmeyer flasks, con- 
taining 700 cc. of broth, plus differing amounts of rabbit red blood cells.  Flasks 1 
and 1 A contained 0.001 as many rabbit red blood cells per cc. as are in 1 cc. whole 
blood; Flasks 2 and 2 A contained 0.0001 of this quantity; Flasks 3 and 3 A, 0.00001 
as much; and Flasks 4 and 4 A no blood.  These cultures were then incubated for 12 
months.  From time to time, counts were made, acid agglutination titrations were 
carried out, type dissociation percentages were estimated, and atypical colonies 
and other phenomena studied. 
The  results  are  summarized  in  Text-fig.  3,  and  may  be  stated 
approximately as follows:  2 days after inoculation, the acid agglutina, 3,54  BIOLOGY  OF  BACTERIUM  LEPISEPTICUM.  III 
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tion range of each culture was still in the "D" zone; on the 3rd and 
subsequent days it  had  widened  to include  both  the  "D"  and  "G" 
zones.  This  change  was  interpreted  as  indicating  the  appearance 
of "G" variants in  the cultures.  Further estimates made by plating 
methods showed a  gradual decrease in  the numbers of "D"  colonies, 
and  an  increase in  the  "G"  colonies.  On  the  200th  day two of the 
remaining  six  flasks  still  contained  "D"  colonies.  This  and  the 
slow rate of bacterial dissociation in plain broth are to be explained by 
the  relatively large  volume of broth and  low  oxygen  tension  in the 
flask  used  in  this  experiment.  "Intermediate"  colonies were noted 
in large numbers after the 100th day. 
On the  34th day Flasks 3 and 4 A  became contaminated  and were 
discarded.  The  bacterial  counts  in  five of  the  six  remaining  rusks 
were in close agreement, decreasing regularly from about 200,000,000 
per cc. on the 5th day, to 3,000,000 on the  70th day.  On the 200th 
and 377th days the counts averaged about the same.  The  count in 
Flask  1,  however,  dropped  steadily after  the  50th  day and  reached 
zero  on  the  180th  day.  This  discrepancy  cannot  be  explained  at 
present. 
Under  the  conditions of this  experiment,  therefore,  the  "D"  type 
of Bact. lepisepticum  survived for many months.  During this period, 
the number of viable organisms per cc. dropped from its maximum to a 
point of approximately  constant level, and at the same time,  "inter- 
mediate" and "G" variants replaced the original "D" forms. 
The curve of survival of mucoid cultures over long periods of time 
was similar to that of the "D" cultures; "G" variants appeared more 
slowly, however. 
Serological Studies. 
The antigenic properties of "D" and mucoid types were compared 
by means of direct and cross-agglutination tests. 
Sera were prepared as follows:  17 hour blood broth cultures, heat-killed and 
living, washed once in saline, were injected intravenously or subcutaneously into 
rabbits which had not been previously exposed to Bact. lepisepticum.  The animals 
were bled when the titre of the serum reached a maximum. 
Agglutination tests were made with bacterial suspensions, washed four times in 
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of the cell and serum mixtures was reduced to pH 6.5, that it became necessary to 
employ the "G" variant of each strain for the actual titrations.  De Kruif found 
that "G" variants were antigenically similar to their homologous "D" strains (2), 
and we have observed this relationship between mucoid strains and  their "G" 
variants.  The variant "G"  strains flocculated completely in serum dilutions of 
103 or more, whereas the parent "D" or mucoid strains agglutinated with difficulty 
in serum dilutions as low as 10  ~. 
TABLE  VI. 
Direct and  Cross-Agglutination  of "G"  Variants  of  "D"  and Mucoid  Strains  of 
Bact. lepisepticum. 
Antlser~. 
Rivers "D"  ....... 
No. 103 "D". ...... 
"  329 mucoid ..... 
"  544  " 
"  DC 12 mucoid. 
"  DC 30  " 
Snuffles (1) ........ 
"  (2) ........ 
"  (3) ........ 
"  (4) ........ 
Culture. 
3 MO* i  960  0 
to.~ 
0 
=b 
I 
960 
0 
0 
0 
0 
0 
0 
0 
0 
I  96o 
0 
0 
240 
0 
0 
0 
0 
0 
I  o 
I  12o 
:  0 
470 
1920 
480 
480 
120 
1920 
60 
[ 1920 
480 
3840 
480 
3840 
480 
0 
960 
0 
120 
[  9(,o 
960 
o "~ 
g2.$  ~.~ 
° 
0  0 
0  0 
480  960 
240  480 
I  240  960 
[ 3840  60 
--  120 
--  60 
--  120 
--  240 
0 
0 
480 
960 
384O 
60 
240 
60 
1920  [ 
* Dilution limit of distinct (+) agglutination. 
-  No titration. 
Two  "D"  cultures,  Rivers  and  No.  103,  and  four  mucoid  strains, 
Nos.  329,  544,  DC  12,  and  DC  30,  were  compared.  In  addition  to 
these,  mucoid  strains  from  the  nasal  passages  of  four  stock  rabbits 
affected with chronic snuffles were used, as well as serum from each of 
these animals.  Direct and  cross-agglutinations were  made  wherever 
possible and  repeated a  number  of times.  A  control titration of the 
homologous  strain  and  serum  was  included  in  each  series  of 
determinations. 
The  results  of  these  several  tests  are  summarized  in  Table  VI. 
The  two  "D"  antisera agglutinated the "G"  variants  of the "D"  but 
none  of  the  "G"  variants ~of  the  mucoid strains  to  any  significant LESLIE  T. WEBSTER  AND  CASPAR  G. BURN  357 
amount, while the four mucoid sera flocculated the six variant mucoid 
cultures, but practically none of the "D" variant strains.  The four 
sera  from  the  snuffles  rabbits agglutinated the mucoid variant but 
not  the  "D"  variant  strains.  The  "D" variant  cultures  behaved 
similarly in the various sera;  the  mucoid  variant  cultures were also 
quite regular in this respect, except for No. 544 and snuffles (1), which 
appeared to flocculate more readily than the others. 
These tests and similar ones on many other cultures show that "D" 
cultures differ from mucoid cultures in their antigenic properties but 
are themselves mutually related.  4 
A  further consideration of the data presented will be given in the 
next paper of this series. 
SUMMARY. 
1.  From  1922 to  1926,  mucold  types  of Bact.  lepisepticum  have 
proved more prevalent that "D" types in certain rabbit communities. 
2.  The bacteria from the mucoid colonies are larger than the "D" 
type; "G" variants are very small.  All types are largest during the 
period of logarithmic growth.  Differences in  size appear  to  be de- 
termined chiefly by the amount of "cytoplaSmic" substance. 
3.  The mucoid colony is  larger and appears  watery as  compared 
with the "D" colony. 
4.  Fermentation  tests,  indole  and  nitrate  reduction  reactions  of 
mucoid and "D" types and their variants are similar. 
5.  The acid agglutination zone of the mucoid type is similar to that 
of the "D" type. 
6.  The mucoid type is more stable in suspension than the "D" type. 
7.  The negative potential of mucoid types is similar to that of the 
"D" and higher than that of "G" variants. 
8.  The behavior of the mucoid type of bacilli in fluid media differs 
from that of the "D" strains in the following respects.  About 500 or 
more  mucoid  organisms  per  cc.,  inoculated  into  plain  broth,  will 
grow; "D" strains require seedings of at least 100,000.  A  lag of 3 to 
48  hours duration occurs in the growth of mucoid strains, according 
* Recent publications by A. Tanaka, J. Infect. Dis., 1926, xxxviii, 389 to 429, 
state that the antigenic properties of various strains of Pasteurella are similar, 
Apparently, he has experienced no difficulty in obtaining agglutination of his 
various strains; our experience  and that of De Kruif have been quite the contrary. 358  BIOLOGY OF  BACTER1LrM LEPISEPTICUM.  III 
to the amount of original seeding.  This is considerably longer than 
that observed for the "I)" strains.  The period of multiplication is rela- 
tively long--24 to 48  hours--and the maximum number per cc. does 
not exceed  600,000,000.  "I)"  strains  reach  1,000,000,000  per  cc. 
within 24 hours.  "G" variants appear very slowly in mucoid cultures 
as  contrasted  with  "I)"  strains,  where their occurrence is rapid and 
abundant.  The  presence  in  the  broth  of  blood  or  other  oxygen- 
absorbing substances enables less than ten mucoid organisms per cc. 
to multiply without lag and  to reach a  maximum number of about 
600,000,000  per cc. in 24 to 48 hours.  "D" strains reach a  count of 
1,000,000,000 per cc. within 12 hours under similar conditions. 
9.  "D"  and  mucoid  strains,  inoculated  into  750  cc.  of  plain  or 
blood  broth,  and  incubated  at  37 ° ,  remain  alive  for more  than  12 
months.  The numbers per cc. decrease to about 1/1000 of the maxi- 
mum after the  first 6  weeks.  Subsequently,  the rate  of decrease  is 
slower.  The original strains are gradually replaced by "intermediate" 
and "G" colonies. 
10.  The  various  mucoid  strains  proved  similar  in  their  antigenic 
properties.  "D"  strains  were  also  mutually related,  but  no  cross- 
agglutination between "]3" and mucoid types was demonstrable. 
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